Synaptic excitation triggers oscillations during NMDA receptor activation in rat abducens motoneurons.
Rat abducens motoneurons were intracellularly recorded in vivo during synaptic excitation and extracellular microionophoretic application of N-methyl-D-aspartate (NMDA). Trigeminal excitatory post-synaptic potentials (EPSPs) evoked in abducens motoneurons were studied during intracellular current injection. They were not sensitive to hyperpolarization or depolarization of the membrane potential in the range of -75 mV to -55 mV using current pulse intensities between -3 nA and +1 nA. Microionophoretic applications of aminophosphonovalerate (APV), MK801 and i.v. injections of MK801 (1-3 mg/kg) or ketamine (10 mg/kg) did not modify trigeminal EPSPs, suggesting that NMDA receptors are not involved in this synaptic transmission. However, microionophoretic applications of NMDA on abducens motoneurons enhanced trigeminal EPSPs and gave rise to regenerative oscillations. The co-activation of NMDA receptors and trigeminal synapses induced these oscillations. The trigeminal EPSP may delay and reset the oscillations depending on where it was evoked in the oscillatory cycle. Depolarizing current pulses intracellularly applied to abducens motoneurons could trigger a post-hyperpolarization followed by rebound depolarization during NMDA application, confirming the activation of active membrane properties. However, depolarizing current pulses could not trigger oscillations similar to those entrained by the EPSPs. The importance of the location of trigeminal synapses in relation to those of NMDA receptors in the dendritic arborization of abducens motoneurons is discussed. Our results show that the same sensory stimulus may have different post-synaptic effects on abducens motoneurons during the co-activation of NMDA receptors. A complete modification of the motor output during NMDA receptor activation strongly supports an active role of abducens motoneurons provided that NMDA receptors are physiologically activated during motor pattern generation.